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We report the temperature-pressure (T-P) phase diagram of CePt2In7 single crystals, especially
the pressure evolution of the antiferromagnetic order and the emergence of superconductivity, which
have been studied by electrical resistivity and ac calorimetry under nearly hydrostatic environments.
Compared with its polycrystalline counterpart, bulk superconductivity coexists with antiferromag-
netism in a much narrower pressure region. The possible existence of textured superconductivity
and local quantum criticality also are observed in CePt2In7, exhibiting a remarkable similarity with
CeRhIn5.
PACS numbers: 74.25.-q, 74.62.Fj, 74.70.Tx, 75.30.Kz
The so called 115 heavy-Fermion family CeMIn5 has
attracted interest due to the intricate relationship be-
tween antiferromagnetism (AFM) and superconductivity
(SC) that is found in them.1,2 The increased supercon-
ducting transtion temperature Tc (≈ 2.1 K for CeRhIn5
under pressure, 2.3 K for CeCoIn5 at ambient pressure)
compared with its cubic buliding block CeIn3 (Tc ≈ 0.2
K under pressure) is believed to be due to the reduced
dimensionality of CeIn3 conducting layers that are sepa-
rated by an MIn2 layer in the 115 family. Though form-
ing in a slightly different tetragonal structure, CePt2In7
is a cousin of CeMIn5 in a broader family of compounds
CemMnIn3m+2n, where m and n is the number of CeIn3
and MIn2 layers, respectively. From measurements on
polycrystalline samples, CePt2In7 is antiferromagnetic
with TN ≈ 5.5 K at ambient pressure and supercon-
ductivity emerges under pressure with the suppression of
AFM around a possible quantum critical point (QCP).3
CeIn3 layers in CePt2In7 are further distant from each
other compared with those in CeMIn5, giving a more two
dimensional Fermi surface as revealed in quantum oscilla-
tion measurements.4 However, its maximum Tc ≈ 2.1 K
at 3.0 GPa is comparable to that in CeMIn5, indicating
that hybridization between f- and conduction- electrons
has complicated the effect of reduced dimensionality on
superconductivity.
CePt2In7 single crystals have similar physical proper-
ties as in the polycrystalline samples.5 However, NMR
measurements on CePt2In7 have observed a distinction
between single-crystal and polycrystalline samples. Co-
existence of commensurate (CM) and incommensurate
(ICM) AFM has been found in single crystals at ambi-
ent pressure and the CM-AFM is stabilized with pressure
up to 2.4 GPa.6 In contrast, only CM-AFM is observed
in polycrystalline samples.7 This difference has been in-
terpreted to arise from the enhanced CM-AFM volume
fraction caused by strain at the grain boundaries in the
polycrystalline samples. It is thus desirable to revisit
pressure measurements on CePt2In7 single crystals and
to investigate its intrinsic pressure phase diagram.
In this article, we report electrical resistivity and heat
capacity measurements on CePt2In7 single crystals under
nearly hydrostatic pressure environments. Superconduc-
tivity also emerges with the suppression of AFM order
in single crystals, similar to the results reported before.
However, bulk SC and AFM coexists in a narrower pres-
sure range compared with the polycrystalline samples.
The upper critical field and quantum critical behavior
are also carefully studied.
CePt2In7 single crystals were grown from In flux as de-
scribed elsewhere,5 with plate-like faces perpendicular to
the c-axes, and they were screened by SQUID magnetom-
etry to ensure the absence of free In. The crystals were
mounted in two types of pressure cells: a toroidal cell
with a glycerol-water mixture as the pressure medium
for pressures up to 5.3 GPa and an indenter cell with
silicon fluid or Daphne oil as the pressure medium for
experiments up to 3.2 GPa. The nearly hydrostatic pres-
sure inside the pressure cell at low temperatures was cal-
ibrated by the narrow superconducting transition tem-
perature of a Pb manometer. The electrical resistivity
was measured by the normal four-contact method with
the current flowing in the ab plane. The heat capac-
ity Cac of CePt2In7 under pressure was derived from ac
calorimetry. In this technique, a small temperature oscil-
lation ∆T generated by a heater glued to one face of the
crystal is converted to an ac voltage signal by a chromel-
AuFe (0.07%) thermocouple fixed on the opposite side
and Cac ∝
1
∆T
. In order to calculate the specific heat
of CePt2In7, a contribution from the pressure medium in
the cell was subtracted from the total measured specific
heat.8
Figure 1 (a) and (c) show the temperature-dependent
resistivity and heat capacity of CePt2In7 single crystals
as a function of pressure. At ambient pressure, both the
sharp kink in the resistivity (or peak in dρ(T )/dT ) and
the peak in specific heat at 5.3 K are consistent with its
reported AFM Ne´el temperature TN . We note that the
specific heat curve Cac/T measured in the toroidal cell
has a small jump around 1.7 K, indicating a minor CePt2
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FIG. 1: (Color online) Temperature-dependent (a) electrical resistivity ρ(T ) (the low temperature part is zoomed in for a
clearer view in (b) with temperature on a log scale) and (c) specific heat C/T of CePt2In7 single crystals as a function of
pressure up to 4.33 GPa. The antiferromagnetic transition is marked by ⋆ in (b) and (c) and the specific heat jump due to the
impurity phase CePt2 is indicated by the arrows in (c).
impurity phase (< 1%) in the sample as in [5], however,
this impurity phase is absent in the resistively measured
crystal and does not affect our major experimental re-
sults. With increased pressure on CePt2In7, its electrical
resistivity at room temperature increases monotonically,
while the rollover around 100 K develops into a broad lo-
cal maximum clearly signaling the onset of coherence be-
tween Ce ions and a shoulder at 25 K gradually weakens
and finally disappears. As shown in Fig. 1 (c), the AFM
transition initially moves to higher temperature, reach-
ing its maximum at 1.7 GPa, and then is suppressed at
higher pressures.
Both resistivity and ac calorimetry measurements pro-
vide clear evidence on the emergence of superconductiv-
ity with the suppression of AFM ordering as shown in
Fig. 1 (b) and (c). However, they display different be-
haviors in the pressure region where superconductivity
and AFM coexist: If we compare the superconducting
transitions at 2.6 GPa as shown in Fig.2 (a), where AFM
orders around 5 K, there is a sudden drop of resistivity at
2 K followed by a long tail indicating the onset of filamen-
tary superconductivity. In contrast, a small peak around
0.6 K in the specific heat curve signals the establishment
of bulk superconductivity. This is similar to results re-
ported for CeRhIn5 where textured filamentary super-
conductivity emerges before bulk superconductivity de-
velops in the presence of a coexisting AFM order.9 Mea-
surements of resistive transitions for current along differ-
ent crystallographic directions are needed to confirm the
presence of the textured SC, however, it is challenging
due to the small size of our crystals. When AFM order is
completely suppressed, the superconducting transition is
sharp and both measurements mark a comparable tran-
sition temperature, as displayed in Fig. 2 (b) under the
pressure of 3.29 GPa.
The temperature-pressure (T-P) phase diagram of
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FIG. 2: (Color online) Temperature dependence of the elec-
trical resistivity and heat capacity of CePt2In7 single crystals
where the applied pressure is (a) 2.6 GPa and (b) 3.29 GPa,
respectively. In (a), Tρ and TC/T determined by the resistiv-
ity drop and heat capacity jump show a significant difference
while they are comparable as indicated by the dashed line
in (b). Note that the crystal measured at 2.6 GPa in the
indenter cell has no CePt2 impurity phase.
CePt2In7 single crystals is summarized in Fig. 3 and
compared to the polycrystalline samples. The antifer-
romagnetism evolves with pressure in almost the same
way, but bulk superconductivity is present with AFM
only in a much narrower pressure range from heat ca-
pacity measurements on single crystals. Notice that the
dome of the onset of superconductivity in single crystals
spans a similar pressure range as the bulk SC in poly-
crystalline CePt2In7 in Fig. 3. One possible scenario to
explain this distinction is that grain-boundary induced
strain in the polycrystalline samples enhances the vol-
ume fraction of CM-AFM as discussed in [6], which may
30 1 2 3 4 5 6
0
1
2
3
4
5
6
7
 
 
SC
AFM
P(GPa)
CePt2In7
T(
K)
 T
N
, C
ac 
 
 T
N
,  kink  
 T
C
  onset  
 T
C
   = 0
 T
C
  C
ac
 T
N
  C
ac
-polycrystal
 T
C
  C
ac
-polycrystal
FIG. 3: (Color online) Temperature-pressure (T-P) phase di-
gram of CePt2In7 single crystals in comparison with poly-
crystalline samples. The antiferromagnetic TN shows a sim-
ilar pressure response but superconductivity determined by
ac calorimetry measurements on single crystals (green trian-
gles) occupies a much narrower region in the phase diagram
relative to polycrystalline samples (dash-dotted line).
favor conditions for the emergence of superconductiv-
ity compared with the ICM-AFM structure. It is much
like the case of CeRhIn5, where a new magnetic struc-
ture Q2 =(1/2, 1/2, 0.391) starts to appear with the
original AFM wavevector Q1 =(1/2, 1/2, 0.326) right
around the resistive superconducting onset temperature
and completely replaces Q1 below the bulk SC Tc.
9 Fur-
ther investigations of the effect of uniaxial pressure on
CePt2In7 would be useful. The AFM Ne´el temperature
is expected to reach zero around PC ∼3.2 GPa from the
extrapolation, approaching the assumed AFM quantum
critical point (QCP). However, the possible QCP is em-
bedded in the emerging superconducting dome and it is
thus challenging to investigate its nature of the QCP.
We first analyzed the low tempeature resistivity of
CePt2In7 above its superconducting transition by fitting
it to ρ = ρ0+AT
n, where ρ0, n, A are fitting parameters
and the dependences of n and A on pressure are plotted
in Fig.4 (a) and (b), respectively. Even though the fit-
ting parameters are sensitive to the temperature range
in consideration, a general trend is that they all exhibit
an anomaly around PC : the power-law exponent n is less
than 1 and the T n coefficient A has a peak around 3.2
GPa as shown in Fig. 4 (a) and (b). A similar sub-
linear temperature dependence of resistivity associated
with a QCP also is found in CeRhIn5 and its exact ori-
gin is still an open question.10 Interestingly, we notice a
negative residual resistivity ρ0 at PC (not shown), which
is obviously unphysical and likely indicates the presence
of an additional minor energy scale at low temperatures.
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FIG. 4: (Color online) Pressure dependence of the fitting
parameters (a) n and (b) A for the electrical resistivity at
low temperatures with the formula ρ(T ) = ρ0 + AT
n. (c)
The residual resistivity at 2.5 K (red dots), which peaks at 3
GPa. (d) The T-P contour color plot of isothermal resistiv-
ity ρ(T,P )/ρ(T, 5.3GPa), suggesting enhanced quasiparticle
scattering around 3 GPa.
To avoid this negative ρ0 issue, we simply take the re-
sistivity value at 2.5 K as an estimate of the residual
scattering rate and track its evolution with pressure as
shown in Fig.4 (c); it also peaks around PC reflecting sig-
nificantly enhanced quasiparticle scattering in CePt2In7
due to stronger spin fluctuations around the QCP. In
Fig. 4 (d), the isothermal resistivity as a function of
pressure is normalized to the corresponding value at 5.3
GPa, ρ(T, P )/ρ(T, 5.3GPa), and mapped over a broad
temperature range. The maximum in this ratio also cen-
ters around the pressure where Tc is a maximum, which
suggests an intimate relationship between enhanced spin
fluctuations at the QCP and unconventional supercon-
ductivity in CePt2In7. Fig. 4 (d) also demonstrates the
extent of strong scattering in a wide range in the T-P di-
agram, which has been interpreted in CeRhIn5 as a form
of local quantum criticality.10
Figure 5 (a) plots the temperature dependent resis-
tivity of a CePt2In7 single crystal at 3.1 GPa and in a
magnetic field applied perpendiclar to the ab plane. The
superconducting transition is only reduced to 1 K at 9
T from the initial zero-field Tc ∼ 2.3 K, which suggests
a large upper critical field Hc2 due to an enhanced elec-
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FIG. 5: (Color online) (a) Temperature dependence of the
electrical resistance for CePt2In7 under magnetic fields up to
9 T where the pressure is 3.1 GPa and the field is applied
in c-axis direction with current in the ab plane. (b) The
upper critical field Hc2 of CePt2In7 single crystals at 3.1 GPa
determined by the superconducting resistance transition. Hc2
estimated from the WHH formula is plotted as a dashed line.
tron mass m∗ and reduced coherence length ξ typical of
heavy-fermion superconductors. Three different criteria
are adopted to determine the superconducting Tc quan-
titatively as a function of field: the onset temperature
of the resistance drop and the temperatures where the
resistance reaches 50% and 10% of of its normal state
value. They are plotted in Fig. 5 (b). The initial slope
−dHc2/dTc ∼ -12.4 T/K is close to -15 T/K observed
by Muramatsu et al. for CeRhIn5 with the same orienta-
tion of the magnetic field near its pressure-tuned QCP.11
The extrapolated Hc2(0) ∼ 15 Tesla is lower than that
(∼ 19 Tesla) estimated from the Werthamer-Helfand-
Hohenberg (WHH) formula for orbital pair-breaking in
the dirty-limit. This difference suggests that the up-
per critical field may be limited by Pauli paramagnetic
pair breaking, which is also suggested for CeRhIn5.
12
According to the equations −dHc2/dTc ∝ m
∗2Tc and
ξ =
√
Φ0/2piHc2, it yields m
∗ = 160 me and ξ = 46.8 A˚.
Intestingly, a sub-linear temperature dependence of the
resistance is robust against fields to at least 9T and the
magnetoresistance is positive. These raise the possibil-
ity of a field-induced T=0 magnetic transition inside the
superconducting dome.
In summary, we have constructed the pressure-
temperature phase diagram of CePt2In7 single crystals
from both electrical resistivity and ac calorimetry mea-
surements. These experiments find a narrower pressure
range of bulk superconductivity coexsiting with AFM
compared with results on polycrystalline samples. Fur-
ther studies are needed to probe the order parameter
symmetry of the pressure-induced superconductivity and
to search for possible hidden magnetism between 3.0 GPa
and 3.2 GPa as in CeRhIn5.
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